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Ligandinuria in nephrotoxic acute tubular necrosis
DONALD A. FEINFELD, JACQUES J. BOURGOIGNIE, GERALD FLEISCHNER, EDWARD J.
GOLDSTEIN, LuIS BIEMPICA and IRWIN M. ARIAS
Departments of Medicine and Pathology, and the Liver Research Center, Albert Einstein College of Medicine, Bronx, New
York
Ligandinuria in nephrotoxic acute tubular necrosis. Ligandin
(GSH-S-transferase B), an abundant intracellular soluble protein in
rat proximal tubules, hepatocytes, and small intestinal mucosal
cells, is believed to be a component of an organic anion transport
system. Its presence in urine was determined immunologically and
catalytically in adult, female, Sprague-Dawley rats that were given
mercuric chloride or potassium dichromate. These nephrotoxic
agents produce severe renal failure, with epitheial necrosis in the
proximal tubule. Mercuric chloride preferentially injures the termi-
nal part of the proximal tubule, while potassium dichromate dam-
ages more proximal segments. Ligandinuria was consistently
detected immunologically and catalytically from 6 to 24 hr follow-
ing injection of mercuric chloride. Potassium dichromate adminis-
tration did not result in immunologically detectable ligandinuria;
however, GSH-S-transferase activity, which provides a more sen-
sitive assay, was frequently detected. The findings are consistent
with immunofluorescent localization of ligandin in the proximal
tubule. Immunologic or enzymatic measurement of ligandin in
urine may provide a sensitive index of acute injury to the proximal
tubule.
Ligandinurie dans Ia nécrose tubulaire aiguë nephrotoxique. La
ligandine (GSH—S—transférase B ), qui est une protéine intracellu-
laire abondante dans les tubes proximaux de rat, les hepatocytes et
les cellules muqueuses de l'intestin gréle, serait un élément d'un
système de transport d'acide organique. Sa presence dans l'unne a
étè déterminée par des techniques immunologique et catalytique
chez des rats Sprague-Dawley adultes femelles après l'ad-
ministration de HgCl2 ou de K2Cr2O7. Ces produits néphroto-
xiques déterminent une insuffisance rénale sévère avec une nec-
rose èpitheliale du tube proximal. HgCl2 lèse surtout Ia partie
terminale du tube proximal alors que K2Cr2O7 lèse des segments
plus proximaux. La ligandinurie a été détectée a la fois par les
techniques immunologique et catalytique entre Ia 6e et Ia 24e heure
après l'injection de HgC12. L'administration de K,Cr20, n'a pas
eu pour consequence une ligandinurie detectable par la technique
immunologique. Cependant l'activité de Ia GSH-S-transférase, qui
est un témoin plus sensible, a été souvent mise en evidence. Ces
constatations recoupent Ia localisation par immunofluorescence de
Ia ligandine dans le tube proximal. Les determinations immunolo-
gique ou enzymatique de ligandine dans l'urine sont un tèmoin
sensible d'une lesion aiguë du tube proximal.
Ligandin is an abundant soluble protein, purified
from rat liver and kidney, which binds various organ-
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ic anions and is considered to be important in hepatic
and renal organic anion transport [1—3]. Rat ligandin
is identical with glutathione (GSH)-S-transferase B
[4] and constitutes two to five percent of the renal
supernatant protein [1, 3]. Immunofluorescent stud-
ies of kidney localize ligandin to the proximal tubule
[5].
We have determined the occurrence of ligandin-
uria in rats after production of acute renal damage
with mercuric chloride or potassium dichromate.
Because mercuric chloride and potassium dichro-
mate preferentially injure the pars recta and the pars
convoluta, respectively, of the rat proximal tubule
[6], attempts have also been made at obtaining infor-
mation regarding localization of ligandin within the
proximal tubule.
Methods
Studies were performed on female, Sprague-Daw-
ley rats, weighing 200 to 250 g, which were fed a
standard laboratory chow (Teklad mouse and rat
diet, Winfield, IA), allowed free access to water, and
housed in individual metabolic cages to allow quanti-
tative collection of urine in ice-cold containers.
A control urine sample was collected during the 24
hr immediately preceeding an s.c. injection, in dis-
tilled water, of mercuric chloride (0.5 mg/kg of body
wt) or potassium dichromate (1.5 mg/kg). These dos-
ages have been reported to produce renal damage
without anuria [6]. Larger doses (1.2 mg/kg mercuric
chloride and 3.5 mg/kg potassium dichromate) were
used in some animals to increase the severity of renal
failure. Quantitative collections of urine were then
obtained. Either a cumulative urine sample was col-
lected for 72 hr or fractionated urine collections were
made at 6, 12, 24, 48, and 72 hr after injection of the
nephrotoxic agent or until death. Before terminating
each collection period, the bladder of each animal
was gently massaged to insure complete urine collec-
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tion. Surviving animals were killed with ether at 72
hr, blood was collected for determination of plasma
creatinine concentration, and the kidneys were
removed for histologic examination. Analysis of
ligandin and GSH-S-transferase in urine was per-
formed immediately or after storage of the sample at
—80°C for no more than four days.
Histology was performed on 3- to 4-gm sections of
kidney. Formaldehyde-fixed, paraffin-embedded,
coded sections were stained with hematoxylin and
eosin, Masson trichrome, and Alcian Blue-PAS and
were examined according to Maunsbach [7]. Special
attention was directed to the proximal tubule to ana-
lyze the pars convoluta (segments Sl—52) in the
cortex and the pars recta (segment S3) in the outer
stripe of the outer medulla. Alterations in tubular
epithelia in segments S l—S2 and S3 were graded
from vacuolation to coagulation necrosis by using an
arbitrary scale from Ito 4+ in increasing severity.
Ligandin in urine was detected immunologically
and enzymatically. The immunoassay was per-
formed by double immunodiffusion [8] using mono-
spec ific anti-rat ligandin IgG [I]. Eight microliters of
urine and ligandin standards were placed in separate
peripheral wells of an agarose plate, to react with
antibody in the center well. An assay was considered
positive if a precipitin line developed within 24 hr
between the urine sample and the ligandin standard.
Results were expressed as negative or positive.
Using this method, ligandin was not detectable in
urine from normal rats, even in samples concentrat-
ed 25 times by ultrafiltration. This method of analysis
detects greater than 50tg of ligandin per ml [11.
GSH-S-transferase activity was determined spec-
trophotometrically at 344 mt from the rate of conju-
gation of GSH with l-chloro-2,4-dinitrobenzene
(CDNB) [4, 9]. One hundred microliters of urine was
added to 3 ml containing 1.33 mivi CDNB (Sigma
Chemical Co., St. Louis, MO) and 2.5 mi glutathi-
one (GSH) (Eastman Chemical Co., Rochester, NY)
in 0.lM potassium phosphate buffer (pH, 6.5). A
blank solution containing reagents without urine was
used to subtract nonenzymatic from enzymatic reac-
tion. Activity is expressed as moles of GSH-CDNB
conjugate formed per l00d of urine per mm. A
positive result is greater than 0.5gm of conjugate
formed per 100 1.d of urine per mm.
Creatinine was measured by the method of
Bonsnes and Taussky [10], using an autoanalyzer
(model AAII, Technicon Instruments Corp., Tarry-
town, NY). Plasma creatinine concentrations greater
than 0.9 mg/100 ml were considered to be abnormal
[11].
Results
A decrease in urine volume with often severe oh-
guria and/or anuria, less than 3 ml of urine in 24 hr
[12], consistently occurred following administration
of mercuric chloride or potassium dichromate.
Twenty five percent of animals which received mer-
curic chloride and 20% of animals which received
potassium dichromate remained anuric and died
within 72 hr.
Major histologic alterations were consistently
present in the proximal tubules, varying from vacu-
olation of the cytoplasm with intact nuclear morphol-
ogy to cortical necrosis with occlusion of the tubular
lumen by acidophilic debris. The distribution and
severity of pathologic changes within segments S1-
S2 and S3 of the proximal tubule after administration
of mercuric chloride or potassium dichromate varied
in severity and extension (Fig. 1). Localization of
cellular damage within different parts of the proximal
tubule was not absolute; however, severe necrosis of
S3 predominantly occurred in mercuric chloride-
treated rats. In potassium dichromate-treated rats,
S3 was usually normal or exhibited moderate vacu-
olation only while S l—S2 was most severely dam-
aged. With the exception of the proximal tubules,
other segments of the nephron revealed little histo-
logic changes. The loops of Henle and collecting
ducts frequently contained hyaline or cellular casts.
Table 1 correlates the pathologic findings in seg-
ments S l—S2 and S3 of the proximal tubule with
plasma creatinine, urinary ligandin, and urinary
GSH-S-transferase activity in individual rats in
which a cumulative 72-hr urine sample was obtained
after injection of mercuric chloride or potassium
dichromate. Plasma creatinine concentrations were
increased to a variable extent in all animals.
Both immunoassayable higandin and catalytic
GSH-S-transferase activity were detected in the
urine of 10 of 11 mercuric chloride-treated rats which
also exhibited major (+ + + + in 9 of them) patho-
logic changes in segment S3 of the proximal tubule.
In these same animals, segments S1—S2 were incon-
sistently altered, being intact in three, moderately
damaged in six, and severely damaged in only one
animal. The urine of one rat which had a normal
appearing kidney by histology after mercuric chlo-
ride administration, contained GSH-S-transferase
activity but no immuno-detectable ligandin. By con-
trast, none of ten potassium dichromate-treated rats
had immunoassayable ligandin in urine accumulated
for 72 hr after injection of the nephrotoxic agent.
Seven of them, however, had catalytic GSH-S-trans-
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Fig. 1. Distribution of histopathologic changes in segments S1-S2
(hatched bars) and S3 (open bars) of the proximal tubule 72 hr
after injection of mercuric chloride or potassium dichromate.
Symbols used are: 0, normal tubule; +, moderate vacuolation;
+ +, severe vacuolation, cell swelling, nuclear damage; + + +,
severe nuclear pyknosis, coagulation necrosis of cytoplasm;
+ + + +, coagulation necrosis, karyorrhexis, cellular shedding.
ferase activity present in the same urine. These find-
ings were associated with the presence of severe
damage (+ + + or + + + +) of segments S 1—S2 of the
proximal tubule and intact (four rats) or minimal (six
rats) alterations of segment S3.
Figure 2 summarizes immunodetection of ligandin
in serial samples of urine from mercuric chloride-
and potassium dichromate-treated rats. None of 22
rats tested before injection of the nephrotoxic agent,
and none of 10 potassium dichromate-treated rats
had detectable ligandin in urine after 25-fold concen-
tration. Immunologically detectable ligandin was
present in the urine in 11 of 12 rats treated with
mercuric chloride. No urine contained ligandin with-
in six hours after injection of the chemical, but 9 of
11 samples, and 7 of 8 samples contained ligandin 12
and 24 hr, respectively, after treatment. At 48 hr,
only one of 11 samples, and at 72 hr, no urine sample
contained immunologically detectable ligandin.
Figure 3 summarizes results of urinary GSH-S-
transferase activity in serial samples of urine from
mercuric chloride- and potassium dichromate-treat-
ed rats. Urinary GSH-S-transferase was weakly pos-
itive in one rat prior to administration of mercuric
chloride and in another rat six hours later. Every rat
in which ligandinuria was detected immunologically
after injection of mercuric chloride had abundant
urinary GSH-S-transferase activity between 12 and
48 hr, which disappeared by 72 hr. Urine GSH-S-
transferase activity in excess of 0.5pmoles/min,
however, was detected in three rats which received
potassium dichromate in which ligandin was not
demonstrable by immunoassay.
In order to exclude possible interference of potas-
sium dichromate or its metabolites with measure-
ment of ligandin by immunodiffusion, three rats were
injected with the usual doses of mercuric chloride
and potassium dichromate given together. Ligandi-
nuria was detected by immunodiffusion within 72 hr
in each rat. Addition of potassium dichromate in
concentrations up to 40 m, to urine samples which
gave immunologic reactions for ligandin and to stan-
dard solutions of rat ligandin did not alter the
immunoprecipitation reaction.
Discussion
Renal ligandin is an abundant intracellular protein
of the proximal tubule which is absent from normal
urine. Following production of acute nephrotoxic
damage, mercuric chloride-treated animals consis-
tently demonstrated immunologically detectable
ligandin in urine 12 and 24 hr later. By contrast,
potassium dichromate-injected rats did not manifest
ligandinuria up to 72 hr following treatment. This
difference in ligandinuria between the two groups of
rats is not related to differential severity of renal
failure produced by mercuric chloride and potassium
dichromate. With both chemicals, renal damage was
regularly produced; and plasma creatinine concen-
trations were increased in both groups, although it
was to a varying degree in individual rats.
The possibility that extrusion of necrotic cellular
constituents into the tubular lumen was greater after
mercuric chloride than after potassium dichromate is
not supported by the histologic lesions which were
confined to the proximal tubule; and the severity of
cellular necrosis within the tubular epithelia
appeared similar in mercuric chloride- and potassium
dichromate-treated rats.
Mercuric chloride
0 + ++ +++ ++++
Potassium dichromate
0 + ++ +++ ++++
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Table 1. Correlation between plasma creatinine concentrating, urinary ligandin and GSH-S-transferase activity, and pathologic findings in
proximal tubule of rats after administration of mercuric chloride or potassium dichromatea
Plasma
Rat no.
creatinine
mg/tOO ml
Ligandin GSH-S-transferase
immunoassay activity Segments Sl—S2 Segment S3
Mercuric chloride-treated animals
1 9.7 + + 0 ++++
2 1.8 — + 0 0
3 3.0 + + 0 ++++
4 3.2 + + 0 ++++
5 11.9 + + -i-+ ++++
6 1.1 + + ++ ++++
7 3.1 + + ++ ++
8 9.3 + + ++ ++++
9 11.1 + + ++ ++++
10 10.5 + + ++++ ++++
11 2.1 + +
Potassium dichro,nate-trea ted animals
++ ++++
1 3.3 — + ++++ +
2 6.2 — — ++++ +
3 5.3 + ++++ 0
4 3.2 — + ++++ 0
5 1.4 — — ++++ 0
6 5.0 — -I- ++++ 0
7 1.2 — + ++ +
8 1.2 — — +++ +
9 5.9 — + ++++ +
10 1.2 — + +++ +
See Methods Section and legend of Figure 1 for definition of symbols.
Mercuric chloride
15 -
Mercuric chloride
10 - 10
-
__ 72
Potassium dichromate
Potassium dichromate Z 10 -
10- — — — —
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Fig. 2. Immunologic detection of ligandin in samples ofurinefrom Fig. 3. GSH-S-transf erase activity in samples of urine from mer-
mercuric chloride- (upper half) or potassium dichromate- (lower curic chloride- (upper half) or potassium dichromate- (lower half)
half) treated rats. Open bars indicate number of animals tested; treated rats. Symbols are defined in Figure 2. The number of rats
hatched bars indicate samples with ligandinuria. The number of in Figures 2 and 3 do not correspond because several rats devel-
animals tested at different times is not constant because of occa- oped severe oliguria, allowing only for immunologic but not enzy-
sional transient anuria or death. matic testing of their urine.
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Relatively selective proximal tubular necrosis
occurs in rats following administration of mercuric
chloride or potassium dichromate; potassium dichro-
mate produces proximal tubular necrosis in the pars
convoluta, whereas mercuric chloride damages the
pars recta [61. The differences in localization of toxic
effects produced by these agents are in agreement
with previous observations [6]. Although histologic
changes were evident along the proximal tubule with
both nephrotoxic agents, potassium dichromate pro-
duced more severe necrosis in cortical proximal tub-
ule (Sl—S2) than did mercuric chloride, which more
severely damaged the outer medullary segment of
the proximal tubule (S3). The difference in ligandin-
uria is compatible with greater concentration of ligan-
din in terminal segments of the proximal tubule than
in early segments. The predominance of cell injury to
the former with mercuric chloride apparently results
in greater loss of ligandin into the tubular lumen and
ligandinuria. Injury to cortical proximal tubular cells
with potassium dichromate results in cell necrosis,
but the amount of ligandin released into the tubular
lumen and appearing in urine is apparently less than
could be detected by immunodiffusion.
This interpretation of results is consistent with the
role postulated for ligandin in the renal transport
system for organic anions [3, 13]. Although the
capacity for organic anion transport exists through-
out the proximal tubule, studies of isolated perfused
segments of rabbit proximal tubule demonstrate that
organic anion transport is several fold greater in
more distal than in the early part of the proximal
tubule [14, 15].
Recently, Woodhall et al [16] described a relation-
ship between cell morphology and p-aminohippurate
secretion in isolated perfused proximal tubules. By
electron microscopy, three sequential segments were
defined by cell type within the proximal tubule of the
rabbit. Variations in p -aminohippurate secretion
along the proximal tubule correlated better with cell
type than with arbitrary division of proximal tubule
into convoluted and straight segments. The capacity
for high p-aminohippurate secretion existed only in
distal segments of superficial and juxtamedullary
convoluted proximal tubules and in the early pars
recta of superficial proximal tubules. These observa-
tions suggest that mercuric chloride and potassium
dichromate may adversely affect selective cell types
rather than selective segments of the proximal
tubule. Conventional histochemical techniques did
not allow distinction between these two possibilities.
GSH-S-transferase activity was present in the
urine of mercuric chloride-treated rats. Ligandinuria
was not detected immunologically after potassium
dichromate administration; GSH-S-transferase activ-
ity, however, occurred in approximately 60% of rats.
These results are consistent with the demonstration
of equal GSH-S-transferase activity in microdissect-
ed convoluted and straight segments of rabbit proxi-
mal tubule but none in distal nephron segments [17].
Damage to any segment of the proximal tubule may
result in GSH-S-transferase activity in urine.
A difference between immunologic detection of
ligandin and GSH-S-transferase activity in urine was
particularly evident in potassium dichromate-treated
rats and, at 48 hr, in mercuric chloride-treated rats
(Table 1, Figs. 2, 3). The difference between the two
assays could result from a) multiplicity of GSH-S-
transferases in rat kidney [18] of which ligandin is
only one, albeit the major [4]; b) inhibition of immu-
nodiffusion detection of ligandin by potassium
dichromate or its metabolites; or c) greater sensitivi-
ty of the enzymatic than the immunologic method.
Selective leakage of soluble non-ligandin GSH-S-
transferase activity from damaged tubular cells is
unlikely. Ligandin accounts for approximately 75%
of total renal GSH-S-transferases [3] which have
overlapping substrate specificity [9, 18]. CDNB (1-
chloro-2,4-dinitrobenzene) was chosen as substrate
because this substrate reacts with all GSH-S-trans-
ferases [4, 9]. Simultaneous administration of mer-
curic chloride and potassium dichromate to rats or
addition of potassium dichromate to urine containing
ligandin did not inhibit detection of ligandinuria by
immunodiffusion. Detection of ligandin by immuno-
diffusion against anti-ligandin IgG is limited to
0.14moles of ligandinI100d, whereas 0.5km of
GSH-CDNB conjugate formed per l00d per mm is
observed with as little as 0.03moles of ligandin [4].
These findings indicate that analysis of enzymatic
activity is far more sensitive than immunologic
detection of ligandin and probably account for the
observed differences in potassium dichromate-treat-
ed rats.
Ligandinuria occurred between 6 and 24 hr after
injection of mercuric chloride. This pattern of excre-
tion is consistent with normal histology for 6 hr,
initial necrosis at 8 to 9 hr, and maximal necrosis at
16 to 24 hr [12]. Urinary excretion of renal aspartate
amino-transferase, lactic dehydrogenase, alkaline
and acid phosphatase, and beta-galactosidase also
occur within 24 hr after administration of mercuric
chloride [19].
Although renal excretion of ligandin and GSH-S-
transferase activity are transient following nephro-
toxic renal failure, their measurement in urine may
permit early detection of acute proximal tubular
necrosis and evaluation of the renal toxicity from
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drugs and chemicals in the absence of overt acute
renal failure. Ligandin and GSH transferase activity
were detected in the urine of 6 of 17 patients
undergoing selective renal angiography; none of the
patients developed evidence of renal failure follow-
ing the angiographic procedure 1120]. Ligandin and
GSH-S-transferase activity in perfusate of isolated
kidneys prior to human transplantation appears to
detect cellular necrosis and may have prognostic
significance with respect to acute renal failure after
transplantation 11211.
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